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Abstract 21
The contemporary distribution and genetic composition of biodiversity bear a signature of 22 species' evolutionary histories and the effects of past climatic oscillations. For many 23
European species, the Mediterranean peninsulas acted as glacial refugia and the source of 24 range re-colonisation, and as a result they contain disproportionately high levels of diversity. 25
As these areas are particularly threatened by future climate change, it is important to 26 understand how past climatic changes affected their biodiversity. We use an integrated 27 approach, combining markers with different evolutionary rates, and combining phylogenetic 28 analysis with Approximate Bayesian Computation and species distribution modelling across 29 temporal scales. We relate phylogeographic processes to patterns of genetic variation in 30
Myotis escalerai, a recently confirmed bat species endemic to the Iberian Peninsula. We 31 found a distinct population structure at the mitochondrial level with a strong geographic 32 signature, indicating lineage divergence into separate glacial refugia within the Iberian 33 refugium. However, the microsatellite dataset suggests higher levels of gene flow resulting in 34 more limited structure at recent time frames. The evolutionary history of M. escalerai was 35
Introduction 43 The contemporary distribution and genetic composition of biodiversity bear a signature of 44 species' evolutionary histories. Quaternary climatic oscillations, in the form of recurring 45 glacial-interglacial cycles, resulted in substantial range shifts, population extinctions and 46 lineage divergences (Hewitt 2000) , though effects varied with latitude, topography (Hewitt 47 2004) and individual species' adaptations and environmental tolerances (Stewart et al. 2010) . 48
With the advent of molecular tools, the study of the distribution of biodiversity was extended 49 to include genetic relationships between individuals and the influence of historical processes 50 on the geographic distribution of genetic lineages (Avise 2000) . Phylogeography has provided 51 the framework to determine the causal links between geography, climate change, ecological 52 interactions and the evolution of taxa (Hickerson et al. 2010 ). Its integration with ecological 53 niche modelling has helped elucidate the processes and mechanisms shaping genetic variation 54 and the evolutionary trajectories of species and populations (Alvarado-Serrano & Knowles 55 2014). Understanding the phylogeographic structure of species, and the mechanisms that 56 sustain it, is integral to conserving their full genetic diversity and to managing evolutionary 57 significant units within species according to their differing regional vulnerabilities (Schmitt 58 2007) . Moreover, understanding species' responses to past events may help us better predict 59 the potential consequences of future climatic changes (Hofreiter & Stewart 2009 ). 60
During Pleistocene glacial periods, much of northern and central Europe was covered by ice 61 sheets and permafrost. The Mediterranean peninsulas of Iberia, Italy and the Balkans acted as 62 glacial refugia for many European species and as the source of rapid northern range 63 colonisation during interglacial, warmer climatic periods. Cycles of contraction-expansion 64 into and out of glacial refugia resulted in a genetic signature of southern richness with deep 65 divergence between refugial populations versus northern impoverishment and genetic 66 homogeneity (Hewitt 2004) . Stable areas that persisted across glaciation cycles harbour 67 particularly high levels of species richness (Araújo et al. 2008 ) and unique genetic diversity 68 (Hampe & Petit 2005) , and as a result are of high evolutionary importance (Stewart et al. 69 2010) . However these hotspots of genetic diversity are particularly threatened by future 70 climate change (EEA 2012; Razgour et al. 2013) , and therefore it is important to understand 71 how past climatic changes affected their biodiversity. 72
The Iberian Peninsula has a rich and well-studied biogeographic history. Its complex 73 topography and geographic position between the Mediterranean and North Atlantic create 74 distinct bioclimatic regions with ecologically and genetically divergent taxa (Gomez & Lunt 75 2007 been genetically confirmed as a separated species (Ibáñez et al. 2006) . Unlike other bat 94 species, the entire evolutionary history of M. escalerai took place within Iberia (Salicini et al. 95 2013) , and therefore both its present genetic population structure and future survival are 96 closely linked to climate change processes within the Iberian Peninsula. We use an integrated 97 approach, combining markers with different evolutionary rates, and combining phylogenetic 98 analysis with Approximate Bayesian Computation (ABC) model-based inference and species 99 distribution modelling across temporal scales, to relate phylogeographic processes to 100 contemporary and future patterns of genetic variation. 101
Methods

102
Sample collection 103
Genetic samples, in the form of 3mm wing biopsies were collected from M. escalerai bats 104 captured in 16 colonies, located mostly in underground sites (caves), distributed across the 105 Iberian Peninsula and the Balearic island of Mallorca (Table S1, Figure 1a ). 106
Laboratory procedures 107
Genomic DNA was extracted from all samples following the methods described in Salicini et 108 al. (2013) .We sequenced 750 bp of the mitochondrial DNA (mtDNA) Cytochrome b (Cyt b) 109 gene, using the primers Molcit-F (Ibáñez et al. 2006 Bovine Serum Albumin was added. PCR amplification was performed using ABI Veriti 120 thermal cycler (Applied Biosystems, USA). We used the following PCR program: initial 121 denaturation at 95°C for 5min, followed by 30-40 cycles of 95°C for 30s, annealing 122 temperature from 55ºC to 60ºC, depending on the primers, for 45s and 72°C for 45s, followed 123 by a final extension at 72°C for 10 min. PCR products were sequenced using ABI 3130 48-124 well DNA Sequencer. Allele sizes were assigned using the GeneMapper software (Applied 125 Biosystems, USA). The number of distinct clusters was determined using STRUCTURE HARVESTER (Earl & 167 Von Holdt 2012) based on the number of clusters at which the mean log-likelihood peaked 168 and where variation among runs was minimal ( Figure S1 ). Cluster assignment was visualised 169 with DISTRUCT (Rosenberg 2004) . 170
Because the presence of closely related individuals (in particular full siblings) can bias the 171 number of clusters identified in the STRUCTURE analysis (Rodriguez-Ramilo & Wang 172 2012), we first ran assignment tests with the whole dataset and then re-ran the analysis 173 removing individuals with TrioML values >0.5. This threshold was selected because below 174 this value most of the pairwise estimations were among individuals from geographically 175 distant colonies (58% for TrioML =0.5, versus 2% for TrioML >0.5). 176
Species Distribution Modelling Procedures 177
We used Species Distribution Models (SDMs) to generate phylogeographic hypotheses for 178 testing with ABC inference, to identify environmentally stable areas where the species 179 Mitochondrial haplotype diversity was highest in the North-Central-Easter group, even after 281 accounting for differences in sample size (32 haplotypes, 0.16 per sample), but nucleotide 282 diversity was highest in the Southern group (Pi=0.02; Table S3 ). Among the colonies, Cádiz 283 and Illes Balears had the highest haplotype diversity, while Granada, Alacant and Sevilla the 284 highest nucleotide diversity (Table 1) . Overall genetic differentiation at the mtDNA level 285 between the Western, North-Central-Eastern and Southern geographic groups was significant 286 (χ 2 90 =678.5, P<0.001; overall θ ST =0.73), with particularly high levels of differentiation 287 between the Western and North-Central-Eastern groups (θ ST = 0.93; Table S4 ). 288
Microsatellite data 289
Of the ten microsatellite loci, one marker (H29) was removed due to high frequency of null 290 alleles. After removing this marker, all colonies, but Huelva, were overall in Hardy-Weinberg 291 equilibrium. None of the markers were in linkage disequilibrium and all were in Hardy-292
Weinberg equilibrium in at least 13 out of the 16 colonies. The dataset, excluding H29, 293 contained a total of 103 alleles, with an average of 11.44 ±5.5 alleles per locus (range 4-21), 294 and 10 private alleles. 295
Genetic diversity (adjusted for sample size) in terms of allelic richness, heterozygosity, gene 296 diversity and number of private alleles, was highest in Granada (southern Iberia) followed by 297
Cáceres (western Iberia), and was lowest in Girona (eastern Iberia) and Illes Balears (Table  298   1 Balears and all other colonies, even after the removal of close relatives. Particularly low 303 levels of differentiation were found between Cáceres and most southern and western colonies 304 and among the southern colonies (Table S5) . 305
Individual-based Bayesian assignment tests detected genetic population structure in M. 306 escalerai. Individuals were best divided into four genetic clusters (Ln probability (K) =-7730 307 ± 5; Figure S1 ), despite some level of admixture in most colonies. The most north-eastern 308 colony, Girona, formed a separate cluster; however this cluster disappeared once close 309 relatives (TrioML >0.5) were removed from the analysis. Individuals whose haplotypes 310 belonged to the mtDNA North-Central-Eastern clade tended to be assigned to different 311 clusters from individuals from the mtDNA Western clade, with the exception of individuals 312 from the most north-western colony (Ourense). However, most individuals whose haplotypes 313 belonged to the mtDNA Southern clade showed high levels of admixture between clusters, 314 and only an East to West geographic gradient was evident at the nuclear microsatellite level 315 ( Figure 2) . 316
Species Distribution Modelling across temporal scales 317
All SDMs had high predictive ability, did not overfit presence data (full model: AUC=0.89 318 AUC crossvalidation =0.80 ±0.04; climatic model: AUC=0.87, AUC crossvalidation =0.79 ±0.03) and had 319 significantly higher predictive ability than the null models (mean AUC=0.64 ±0.004 [95% 320
Confidence Intervals], range: 0.57-0.67). The best fit model in terms of AIC scores had a 321 Figure 4a ; Table S6 ). 358
The Western Group analysis identified Cáceres as the representative source population of the 359 Western M. escalerai group, from which all other colonies split after the LGM, beginning 360 with the most south-western colony (Amarela) and ending with the adjacent central colony 361 (Nabão) (Scenario 2.1, posterior probability=0.99; type1 error=0.02, type2 error=0.02; Figure  362 4b; Table S7 ). Similarly, Castellón was the representative source population in the best 363 supported model for the Eastern Group and all other Eastern colonies split directly from this 364 population post-LGM, with the oldest split being between Castellón and Girona (Scenario 3.1, 365 posterior probability=0.83; type 1=0.05, type 2=0.03; Figure 4b ; Table S8 ). In both analyses, 366 population split dates were estimated to have occurred between the early and mid-Holocene. 367
Demographic history modelling indicates that the Western group's effective population size 368 has increased more than 10-fold after the end of the LGM, while the Eastern population size 369 remained stable, though currently both groups have similar estimated effective population 370 sizes (Scenario 4.3, posterior probability=1.0, type 1=0.016, type 2=0.01; Figure S8 ; Table  371 S9). The timing of the western population expansion corresponds with the estimated time of 372 colonisation of the south-western colonies, and therefore may reflect population expansion to 373 areas south of the LGM refugia. evolutionary history inference suggests that the Western group was the source population. 420
The concordance between the projected distribution of suitable climatic conditions during the 421
LGM and LIG based on SDMs and evolutionary history inference based on genetic data lends 422 support to the presence of niche conservatisms in climatic tolerance in M. escalerai. Niche 423 conservatism may limit the ability of species to adapt to novel environmental conditions 424 within the timeframe required to respond to climate changes, suggesting that instead species 425 will either shift their geographic ranges to track suitable climatic regimes or go extinct (Wiens 426 & Graham 2005) . However, Pellissier et al. (2013) show that, at least for arctic-alpine plant 427 species, niche conservatism is more pronounced at cold than warm thermal limits because 428 
Current patterns of genetic variability and future losses 445
Population assignment and geographical separation was less clear at the microsatellite than 446 the mtDNA level. Only a slight signature of a geographical West and East divide was evident, 447 most colonies were assigned to more than one genetic population cluster and many 448 individuals showed some level of admixture. Moreover, colony assignment into geographical 449 groups did not always follow the same pattern as the mtDNA dataset. Alternatively, more limited population structure at the microsatellite level may be the result of 458 male-biased dispersal and female philopatry, a common pattern in bat species (Burland & 459 Worthington Wilmer 2001). Ruedi and Castella (2003) identified a similar pattern in Myotis 460 myotis, attributing the absence of population structure at the microsatellite level versus the 461 strong population structure and limited gene flow between colonies at the mtDNA level to the 462 estimated male bias in the proportion of dispersing individuals (>90%). These disparities 463 highlight the importance of combining bi-parentally inherited nuclear markers and maternally 464 inherited mtDNA markers with different evolutionary rates in phylogeographic studies. 465
Genetic diversity, based on both the mtDNA and microsatellite datasets, is highest in southern 466 colonies, despite their more recent evolutionary history based on the ABC inference. 467
Although this region contains several unique haplotypes and private alleles, high levels of 468 genetic diversity may also be due to this region acting as a 'hybrid/contact zone' between the 469
Western and Eastern refugia, in which genetic diversity was enriched by the admixture of 470 divergent lineages (Hewitt 2011) . And indeed southern colonies include haplotypes that group 471 with both the Western and North-Central-Eastern clades. On the other hand, high levels of 472 inbreeding and reduced allelic diversity in the most north-eastern colony (Girona) and the 473 island colony (Illes Balears) may reflect their geographic isolation and limited recent gene 474 flow from other populations. In the north-eastern colony in particular, high coancestry values 475 likely reflect inbreeding in a small isolated population, rather than relatedness due to natal 476 philopatry and the presence of mothers and their pups, because this is the only location where 477 samples were collected from a swarming site and not a maternity colony. While bat summer 478 maternity colonies can include a high proportion of relatives due to strong female natal 479 philopatry, during the autumn, the closely related Myotis nattereri tends to migrate away from 480 summer roosts to swarming sites that serve large catchment areas of up to 60 km (Rivers et al. 481 2006) . 482
Under future climate change projections, the relative occurrence probability of M. escalerai 483 across most of Iberia is predicted to decrease substantially. Range losses are predicted to be 484 greatest in the south, placing the entire southern lineage in climatically unsuitable areas by 485
Although low levels of population differentiation between Southern colonies and both 486
Western and North-Central-Eastern colonies indicate the presence of gene flow under current 487 conditions, range fragmentation is likely to increase in the future, resulting in colony 488 isolation. Increased isolation can limit future range shifts and lead to increased inbreeding and 489 loss of genetic diversity (Frankham 1995 suggesting that this area was colonised from the Eastern refugia, rather than form a putative 513 'northern refugia' (Stewart & Lister 2001) . 514
The range of M. escalerai is at least partly restricted by geographical barriers, the Gibraltar 515 Straits in the south and the Pyrenees mountain range in the north (Salicini et al. 2013) , though 516 the Pyrenees themselves do not appear to form a barrier (Evin et al. 2009; Puechmaille et al. 517 2012) . The Iberian Peninsula is home to several other restricted range endemic species, whose 518 limited dispersal abilities prevent them from crossing these geographical barriers, and as a 519 result their entire evolutionary history took place within Iberia (e.g. Igea et al. 2013) . status is yet to be assessed, though within Portugal it is listed as vulnerable (Ministério do 560 Ambiente e do Ordenamento do Território 2010). Our findings suggest that conservation 561 management for this species should increase landscape connectivity across Iberia in order to 562 facilitate north-western range shifts in response to future climate change, especially from the 563 southern lineage that is particularly threatened by future changes. 564
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